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Ahstracl

The Saturn-bound Cassini spacecraft will be
subjected to a high temperature environment at 0.61 AU.
‘1’hcrmal vacuum tests demonstrated that the hybrid
Kapton-Mylar  MI.I layup can withstand an outer layer
temperature of 250°C without incurring any damage, and
the all Kapton layup, 430°C. The latter will be applied to
lclcales of extremely high temperatures, ti’bile the former
more than 85% of the spacecraft’s blanketed surfaces. A
sokw simulator provided a 2.7-sun exposure to the blanket
samples; outer layer temperatures of 200”C and 2S0°C
were observed for second surface aluminized Kapton  and
black Kapton, respectively, which are in line with
p:rcdictions. The high temperature exposure tests
established that current blanket designs will survive the
Cassini mission thermal environments with margins.

lntmductim

I’he Cassini spacecraft is currently unrlcr
development for a mission designed to explore Saturn and
its rings, satellites and magnetosphere. The Venus-Venus-
I;arth-Jupite.r  Gravity Assist (VVE3GA)  trajectory will
subject the spacecraft to a 0.61 AU (Astronomical LJnit)
high-temperature environment at perihelion. Temperatures
on some sunlit blanket surfaces at 0.61 ALJ can reach
levels that are beyond the service capability of the
conventional Mylar/Dacron net MLI (lvlulti-lzryet
Insulation). Por example, the RIG (Radioisotope
‘Ihcrmoeleclric  Generator) shade temperature is predicted
to be around 300(’C under the combined heating of the
RI’G (3900 W) and 2.7 suns (i.e., at 0.61 ALJ) during a
trajectory correction maneuver. The main engine blanket
tcmpcramrc can reach 360”C during engine tiring in
conjunction with the 0.61 AU solar illumination. ‘l”he
majority of the blanket surfaces, however, will experience

temperatures with an upper bound of 250”C, since the
spacecraft will cruise in the shade of its high gain antenna
which is sun-pointed most of the time.

Ilese worst-case hot Cassini Ml.1 temperature
predictions are significantly higher than those expected for
the Jupiter-bound Galileo spacecraft. During the
development of Galileo, several tests were conducted to
assess the feasibility of protecting the Mylar/Ilacron  net
MI-I  with crinkled Kapton layers, to determine the upper
temperature limit for Mylar/Dacron net, and to compare
the performance of embossed Kapton  Ml.] with that of the
Mylar/Dacron net typcl. The Galileo spacecraft ended Up

using a mixture of both varieties, either separately or as a
hybrid, but with the majority being of the Mylar/Dacron
net construction. For Cassini,  an MI.I layup consisting
of 20 layers of embossed Kapton and appropriate outer and
inrwr layers was once emr.sidercd  to be the baseline design,
because Kapton can withstand temperatures in excess of
4oo”c. }Iowcver,  higher cost and inferior thermal
performance (i ,e., higher effective emittance, as recently
contirrncdc)  of the all embossed Kapton  ML1 relative to
Mylar/Dacron net prompted a redirection of the baseline.
In the current design, this all embossed Kapton layup,
designated the high-temperature layup, will be used only
at locations of extremely high temperatures, such as in the
vicinity of the RTG and the main engine. A hybrid
“standard layup”, consisting of 5 layers of embossed
Kapton  and 15 layers of Mylar/Dacron net with
appropriate outer and inner layers, will bc used at over
85% of the blanketed surfaces on the spacecraft.

The vcritication  of both layups’ capability to meet
all thermal requirements has been accomplished by a
comprehensive test program which addressed high-
temperature survivability, effective ernittance,  and optical
and electrical properties. This paper focuses on the high-
temperature exposure tests which helped define the hybrid
standard layup, and which demonstrated the adequacy of
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both layups in withstanding their respective thermal
environments. Two series of high te.mpcrature  exposure
tes[s were conducted. The first employed a small bell-jar
vacuum chamber, in which the MI.] samples were tested
resting bet wecn a hot and a cold plate. Subjected to
various boundary conditions, the samples were monitored
far their temperatures and visually impected post-test for
damages. The second series of tests employed a larger
chamber and a solar simulator which provided a 2.7-sun
illumination on the test samples. Tramient  response and
steady state temperature profiles shed light on the behavior
of these M 1,1 blankets under solar exposure, during
spacecraft trajectory correction rnancuvcrs.

Ibis paper will describe the ML1 layup designs,
test setups and procedures, and present the test results
along with pertinent interpretations.

Dmcription  and Abbreviation of MM Layups

For the sake of clarity and convenience of
discussion, the MI,I constituents and layups  discussed in
this paper will be defined and abbreviated as follows:

Cmtstitucnts:
SSAK:

BK. :

13K.n:

EK :

MN:

AK:

Second surface aluminimd Kapton, 1/2 rnil thick,
11’O(indiun]  tin oxide) -coated on the front,
Nomex  scritn reinforced on the back, used for
outer layer.
Black Kapton,  carbon-tilled, 1 mil thick, used for
outer layer.
Same as BK except Nomex scrim reinforced on
the back, used for outer layer.
};mbossed  Kapton, 1/3 mil thick, alumini?.ed on
both sides, used for intermediate layer.
Mylar with Dacron net, alternating layers; 1/4
mil thick Mylar aluminized on both sides, used
for intermediate layer.
Aluminized Kapton,  1 mil thick, aluminized on
both sides, used for inner layer.

I Ayups :
Standard I Ayup:  A blanket assembly consisting of

layers SSAK -t 5EK + 15MN -t AK; to
be used on more than 85% of the
blanketed surfaces on Cassini.

Ilip,h-Tcn~pcramre  Layup: A blanket assembly consisting
of Iaycrs BK -t 20EK -t AK; to bc used at
high temperature locales.

Temperature I,irnik for ML] CrmsLitucnts/Layups

I’empcrature  limits for various MI,1 constituents
and layups are first reviewed for background information
and for fcwsing  attention on areas of vulnerability. Based
on manufacturers’ information and data from past test
programs, “weak links” in several blanket layups are
identified. Table 1 summarizes the key data pertinent to
Cassini applications. The temperature data are obtained
from Refs. 1 -5. Several tests conducted in the past for
the Galileo Project had converged to an assessment’ that
the maximum allowable temperature for Mylar/Dacron net
is 22.O”C, which is in line with the melting point and zero
strength temperatures for these materials as indicated in
Table 1, For the SSAK and BKn outer layers, both the
Kapton substrate and the Nonwx scrim reinforcement have
high temperature capability, and the 3~ adhesive (a
polyester, polyimide and polyamide blend) is the weak
link. }Ience, in terms of the layups listed in Table 1, the
limitin~ constituent for Iayups 1 and 2 is the 3P adhesive,
and that for layups  3 and 4 is the Mylar/Dacron net.
Further, it is clear from Table 1, as well as from
numerous past experiences, that cold temperatures of outer
space are of no concern for these layups.

Table 1. Temperature Limits for Ml.] Blanket Constituents
and I Ayups

..-.
zero Field

Melting Strength Service
Constituent Point  (“C) T’emp ~C) ~“emp QC)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------- -
Kapton film None 815 -269 to 4400
Mylar film 250 248 -60to  +150
‘1’eflon  film 327 310
Dacron net 256 245
Nomex scrim 427
Glass scrim >400
Adhesive

3P max 200-260
Acrylic max 120
Silicone max 150

. . . . . . . . . . . . . . . . . . . ..-. . -------- --------- ----------- -. . . . . . .

Allowable Temperature Range (“C)
Iayup Continuous lntcrmitlent
---- . . ..— --— -------- ----------- ----------- ----------------------
1. SSAK+ EK -184 to + 149 -184 to +260
2. 13Kn-t  EK -184 to + 149 -184 to +260
3. SSAK+ MN -251 to + 121 max 220
4. BKn+MN -251 to -t 121 max 220
5. BKfl-FIK -251 to -t 288 -251 to -t 399
. . . . . . . . ------ . . . . . . . . . . . . . . . . . . . . . . . . . . ---- ---------

Data Scmrces: DuPont I’ethnical Information Bulletins;
Sheldahl Red Book, Rev. 7/89; and past JPL tests.

2



. .

.

I’hc Bell-.Iar TCSLS

I’rst Ohjcctivrs

‘t’hc objectives of these tests were to verify that
both the standard and high-temperature layups can survive
the 0.61 AU thermal environment, and to determine the
number of embossed Kapton layers necessary to protect
the Mylar/I) acron net layers.

I~ig. 2 The }Iot Plate, MI J Sample and Cold Plate

the additional 5 layers of embossed Kapton; and (C) the
high-temperature layup. I“he Ml.1 sample typically
appeared as shown in Fig. 3, with thermocouples mounted
in the center region of various layers. ‘I”he blankets were
only partially searncd, so as to allow thermocouple
attachn]cnt/ren~oval  and post-test inspcctiorr. ‘IIF.?
thermocouples were of I’HX Ij (Chronrel constantan), gage
30, and with eithel I’eflon  or fiberglass wrapping, the
latter being rcservecl for higher-temperature locations.

}“ig. 1 T“hc Bell-Jar Vacuum Chamber

I’cst Arliclr, Setup and Proccdurc

‘]’IlC be]]-jar vacut]nl  chamber has a height of
0.91 m, and a diameter of O.46 m, approximately (Fig.  1).
It housed a test assembly that consisted of a hot plate on
the top, a cold plate at the bottom, and an MIl blanket
sample sandwiched between the two, as shown in Fig. 2.
All three arc of approximate dimensions 0.3 m x 0.3 m,
and with trunca[cd corners. I“hc aluminum hot plate was
O.&l cln thick, painted black on the bottom side, equipped
with three Chromalox  strip hea[crs, and suspended from
a stand. ‘lhc copper cold pla[c was roughly 0,16 cm thick,
paintcct black on the 10IJ side, fitted with scrpen[ine  copper
tubing to circulate coolant, and was supported with four
ShOl”l  S[llltS  frOtll  the  floor  of ~IC chan]bcr.  ~’he electric

strip hcotcrs  were made of chrome steel sheath, each
capable of dissipating 400 W and sustaining 650”C.

I’hc space bctwccn [hc hot and cold plates was
adjustable, allowing, [he M1.1 sample to rest freely on the
cold pla[c. ‘1’hrcc MI. I blanket samples were tested: (A)
t h e  s[andard Iayup; (B) a layup consisting of
SSA.K-I  IO1;K+  15 MN+ AK, to investigate the effects of

---~=.~.

Fig. 3 MI.I I’cst Sample with ‘1’hcrmocouplcs

For a typical [CS[ run, after [hc Ml,1 sarnplc is
properly installed, the hot plate was covered on top and
the test assembly sur]ounclcd along the periphery by MI.]
blankets to prevent heat loss (I;ig.  4). IIeat was driven
from the ho[ to the cold plate through the MI,1 sample in
a predominantly unidircctiorral  flow. ~ The intent was to
heat the hot plate to the point tha[ the top layer of the MI,I
blanket could be maintained at the target level (250”C for
the standard layup, and above 35tY)C for the high-
tcmpcrature  layup). [;or most test runs, [hc cold plate was
kept at alxm 15’C  by the circulating tap water. i Iowever,
film heaters were rnoun[cd  on the cold plate so that on
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occasions, the pla[e couhi be controlled to a higher following each of the three tests revealed no visible
temperature to simulate a warm hardware surface. darnagc.  l-he white polyester tape along the edges of the

blanket turned browrr;  this is a[tributcd primarily to
outgassing from the aged thermocouple wrapping, which
will nc}t be present in flight. Also, Mylar shrinkage
appeared to be 0,64 cm out of 30.S cm, or 2%, confirming
manufacturer’s data and previous test results.

I;ig. 4 I’hc Test Assembly

Ilrc  chamber pressure during a test ranged from
1 x 10“4 [o 4x 10“s torr. Test conditions were held constant
for several hours once steady state was approached. Upon
co~nplctio])  of the test, the chamber was opened, and the
Ml J sample inspected. Tcmpcraturc, power and pressure
data were recorded by a data logger.

The standard layup was tested under the
conriitions  with the hot plate at 254”C and the cold plate at
14C and 4(7’C, respectively. Ilrc  steady state temperature
profiles across lhc blanket layers during the 3 to 4 hours
of exposure are shown in I~ig. 5. l“he two lower curves
which ahnost coincide with each other were obtained from
tcsis done with the same boundary conditions on two
different days, with a chamber break and blanket
inspection in between; reproducibility of the test results is
gocti. The upper curve was obtained with a warmer cold
plate tcmpcra[urc  (46C)  to simulate a warm hardware
condition. I“hc top Mylar layer tcrnpcrature is seen to be
below 185”C in all three cases, which is well below the
limit of 220’C  for Mylar. Considering that the outer layer
tenq)cra[urc in flight is predicted to be under 200°C for all
but the high-tempcra[ure  locales on the spacecraft, these
results indicate (hat the standard layup possesses a
substantial margin as far as high tcmpcraturc survivability
is concerned. ]n addition, inspection of the blanket sample

MLI Lawp: SSAK+  5EK+  15MN +AK

300

1

layer  1: HOI plate
Lave( 2: SSAK

ii! “1*

o
~\.  L. .  .  .  . . . 4 . . - . .  . - — . .  A L——  . - — . —  .  .  .  .

0 5 10 15 20 25

Lavor  COU)I

P’ig. 5 Steady State Temperature Profiles Across the
Standard 1 Ayup

Figure 6 presents the test results that illustrate the
effects of adding five layers of embossed Kapton. A
comparison of Figs. 5 and 6 indicates that the temperature
of the top Mylar layer is reduced by 40°C as a result (i.e.,
from 180 to 140°C). This is a significant gain in terms of
added protection to the Mylar layers, and can be exploited
where beneficial. However, for most Cassini applications,
the standard layup is adequate with the substantial margins
already demonstrated,

Mll  law:  SSAK+  10EK+ 15 MN+AK

300 r Laver  1: HOI  plate

~:*V
o L — -  ——.—— — .—:.

0 5 10 15 20 25 30

Lwer cowl!

Fig. 6 I“hc F{ffec[  of Adding Five Additional Iayers  of
Embossed Kapton
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Ihc high-tcmpcraturc  layup was tested wilh the
cold plate maintained at around 15°C and the hot plate at
3!$7(’C and 431 “C, respectively. T h e  steady s[ate
temperature profiles arc presented in pig. 7. It is obvious
that these temperature levels are well within the capability
of the Kapton films. Furthermore, post-test inspections
revealed no visible damage. After two hours of exposure
at these steady temperatures, the black Kapton outer layer
still appeared intact, smooth and shiny. All the embossed
K apton layers with the raised embossed patterns were
intact; the annealing, i.e., flattening out, of crinkled
Kapton layers observed at high temperatures in past tests
did not occur here.

500
450
400
350
300
250
200
150
100

50
0

MLI Layup:  BK+20EK+AK

Layer  1: Hot plate
lover 2: BK

‘Y”.— . ---- ..–-..—-—— u a .-..  A 3-..
0 5 10 15

Layer  Count

Fig.  7 Steady State Temperature
}ligh-Tenlpcrature  I.ayup

20 25

Profiles Across the

It is worthwhile to note the following by-product
information which also resulted from the tests: (1) I’he
strip heater tcrnpcratures  during the last test ranged
bc~wccn 460C and 520”C, and five layers in the central
region of the cover blanket (i ,e., that which covered the
top of the hot plate and hence in partial contact with the
strip heaters) were completely disintegrated into ashes.
~?m cover blanket was made of aluminized and embossed
Kapton layers. This illustrated the destructibility of
Kapton at temperatures somewhere above 430”C. (2) ‘l”hc
skirt blanket around the test assembly was of the
M ylar/I)acron  net construction. The inside layers were
mchcd through at several places. Although there were no
tcmpcraturc measurements made, this serves to indicate
the destructibility of Mylar and the manner of its
destruction. (3) Severe outgassing took place especially
during the last test when the temperatures were the
highest. Cilucy, dark brown deposits occurred in large
anloum along the edges of the cold plate and the MI,]
sample, and on the cold water tubing, the skirt  blanket,
and other cold spots. In contrast, all the hot surfaces were
clean. The sources of outgassing included the adhesives,
the brown Kapton  tape, the thermocouple wrapping, and

others, most of which arc not expcc[ed to be present in
flight. I’his serves to underscore the importance of
outgassing  considerations in blanket materials selection,
especially in high temperature regions.

_. .

I’ig. 8 Ml J Sample and the Aluminum Box with
Mylar Standoffs

Solar Simulator ‘1’csts

TM Objectives

I’hc objectives of these [csts were to determine
the response of the standard layup and the high-
tempcrature layup under the 2.7-sun illumination by a
solar simulator, and to verify that the blankets can
withstand the 2.7-sun exposure for at least 30 minutes,
corroborating the bell-jar tests.

Fig. 9 MLI I’cst Ar[iclc  Suspended in the Vacuum
Chamber
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Test Article, SctLEp and Proccdurc

TIE solar exposure tests were performed on the
heels of a series of tests that were designed to determine
the effective emittance of the Ml,] layups. The latter
results will bc reported elsewhere. The MLI blankets
were tested wrapping around a 0.23 m cubed aluminum
box that was heated from within. l“he box was made of
01.32 cm thick Aluminum 6061 -T6 plates, painted black on
the inside, and with film heaters and thermocouples
mounted on the inside that can heat and control the box to
near uniform temperature at various levels. Two MI,I
hiyups were tested; i.e., the standard and the high-
tcmperature layups, as described before. The Ml.1 test
samples were imtrumented with thermocouples at selected
Ioca[ions,  and at various layers on the side that was to bc
ilhtminatcd by the solar simulator. F’igure 8 shows an
M 1.1 sample and the box. The box had MylaT standoffs
(3.8 cm high) attached on all surfaces; the standoffs space
off the blankets which serves a micromcteoroid  protection
requirement.

MLI  law:  SSAK+ 5EK + 15MN +AK

~:lh-.->
10P CVIVe: box @ 50.6 C. chantief  @ .182.9 C
Mid CWVB:  box @ 21.4 C, chmimf  @ -1 S4.7 C
Bot  CWW:  box@  4.3 C, dwmbw @ -182.9  C

o 5 10 15 20 25

LWOI  Coml

attained and held for a[ least one or two hours, the test was
terminated. Steady state was operationally dcfirrcd as a
state when all temperatures changed at a rate of less than
O. Y’C/hr. Upon completion of the test, at chamber break,
the test article was removed from the chamber,
disassembled, and inspected visually to determine if
damages or changes had occurred.

Results

When the solar simulator was turned on, the
outer layer temperature changed almost instantaneously,
while the innermost layers took up to an hour to respond.
Ibis implies that for trajectory correction maneuvers that
last no longer than 30 minutes, no thermal effect from
solar exposure on blanketed hardware should be expected.
The sleady state temperature proftles  across layers of the
ilhtmimtcd blanket typically decrease monotonically
toward the haTdwaTe. Figure 10 shows the results from
three tests that were conducted with the standard layup.
I’he three tests differed principally in the box
temperatures, which turned out to affect only the inner
layer  tf311)jHatLlrCS. ThC!  SSAK  OUter ]aycr ten\pCratUre of
200”C is somewhat higher than predicted for a blanket
surface viewing tic outer space exclusively, bccausc
during the test, the blanket viewed the cold annular door
shroud m well as the warmer quartz window (estimated to
be 40”C to 60°C on the average). IIowevcr, for blanket
surfaces that also view other parts of the spacecraft, the
temperature of 2(KPC  may not be too far removed from
reality. The important point, however, is that Fig. 10
indicates that both the Mylar and Kapton layers will bc
able to survive the 2.7-sun illumination at 0.61 A[J, with
substantial margins (i.e., in excess of 80”C). Again, post-
test inspcc~ion  revealed no visible damage to any layer.

liig. 10 Steady State Temperature Profiles Across the
Standard lAyup Under 2.7-Sun IIlurnination

MLI LOW:  BK+ 20 EI(+AK

l’hc tests were done in a 91-cm diameter, I.N1-
COIOICXI  vacuum chamber located in the JPI, environmental
test facilities. F’igurc 9 shows the assembled test article
suspended in the chamber with an annular door shroud that
allowed through the light beams coming from the solar
simulator. ‘lhc solar simulator was a Spcctrol .ab product,
Mark 111 X25, calibrated to provide 3675 W/n; of
irradiance (i.e., 2.7 suns) on the illuminated blanket
surface. The chamber was cooled to below - 180°C, and
the pressure maintained at low to high 10”7 torr duTing the
tests. Typically, when these conditions were reached, the
solar simulator was turned on. Power input to the box
was adjusted, and temperatures at the box as well as all
the blanket Iaycrs were monitored, After steady state was

300 .
TOP  oxwe. box @ 52.0 C, charrhnf  @ .184.1  C

;:kl

EIOt CUWO:  box @ 19.9 C. dmmber  @ .181.1  C

; 100
‘.

: ‘.
‘<50 =.+ .

0 L..-. . . . AA...  >..- . . . . . . . . . -a.&..  L...—..  A LA....._,

o 5 10 16 20 25

LaveI  CoisII

Fig. 11 Steady State Temperature Profiles Across the
High Ternpcrature  Iayup Under 2.7-Sun Illumination
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Steady state temperature profiles for the high
temperature layup under solar illumination are displayed
in Fig. 11. The Black Kapton outer layer temperature is
2so”C,  and tie underlying embossed Kapton layers have
monotonically decreasing temperatures toward the box.
The 2SOW is somewhat higher than predicted for a totally
space-viewingb lanket, but Lssignificantly lower than if the
additional heat source of the RTG or main engine is
applied.

Ahsnrptivity  and Llhnissivity of outer  Layers

The absorptivity and emissivity  of the outer
layers (SSAK and BK) were measured before and after the
solar exposure. ~ley are presented in Table 2 under the

Table 2. Optical Properties Before and After Solar
Exposure

outer Virgin Sample Exposed Sample
Layer
Mat’] a , Eh a ,

1=

Ch
-—

SSAK 0.29 0.66 0.34 0.51--

B:K I 0.92 I 0.81 0 . 9 2  ~0.80..— — —  .  .

headings “virgin sample” and “exposed sample”, the
laucr meaning after 8 hours of cumulated exposure to 2.7
suns. It is clear that the exposure caused appreciable
changes to the SSAK, but almost no change to the BK.

Conclusions

The standard and high-temperature MLI layups
being baselined  for the Cassini spacecraft have been
described, ‘Ihey have been subjected to two series of tests
to ascertain their high temperature survivability. Ihe bell-
jar series of tests demonstrated that the standard layup is
capable of withstanding an outer layer temperature of
250T,  and the high-temperature layup, 430”C. No visible
damage occurred to either blanket and all layer
temperatures were well within the allowable limits for the
constituent materials. The five embossed Kapton layers in
the standard Iayup  was shown to provide adequate
protection for the fifteen underlying Mylar/Dacron net
layers; the top Mylar layer temperature was 180”C,
substantially below the material limit of 220”C, even with
the conservative outer layer temperature,

The solar simulator series of tests demonstrated

that both Iayups can survive the 2.7-sun exposure. Under
the simulated O.61 AU conditions, the SSAK outer layer
attained a temperature of 2tM°C, and the BK outer layer,
250”C. These temperatures, although somewhat
conservative due to the warm quartz window the outer
layers viewed during the tests, are in line with
calculations based on a realistic range of absorptivity and
ernissivity  values for the materials. The two series of tests
corroborate to establish that both layups will be able to
survive, with substantial margins, the severest high
temperature environments that the Cassini mission will
preserit.
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